
NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

TECHNICAL NOTE 
No. 1776 

HYDRODYNAMIC IMPACT LOADS IN SMOOTH WATER FOR A PRXSMATIC 

FLOAT EIAVING AN ANGLE OF DEAD RJSE OF 40’ 

By Philip M. Edge, Jr. 

Langley Aeronautical Laboratory 
Langley Field, Va. 

Washington 

January 1949 

NACALTBRARY -. 



NATIONAL ADVISORY COMMITTRg FOR AERONAUTICS 

TECHNICAL NOTE NO. 1775 

EYDRODYNAMIC IMPACT LOADS IN SMOOTH WATER FOR A PRISMATIC 

FLOAT HAYING AN ANGLE: OF DEAD RISE OF 40’ 

By Philip M. Edge, Jr. 

A prismatic-float forebody with an angle of dead rise of 40° wa8 
subjected to smooth-water impact8 in tie Langley impact basin. The t08t8 
were made at fixed trim8 of 3O, 6O, go, and l2O for a range of flight- 
path angles from approximately 2O to 22'. 

The data are presented and converted into dimen8ionle88 variable8 
for correlation of the experimental result8 with hydrodynamic impact 
theory and for comparison of the run8 emong themselves. The average 
value of the dead-rise function for an angle of dead rise of 40' is 
evaluated and compared with similer value8 for engles of dead rise 

of 300 lo and 22~ and with the theoretical dead-rise function. The experi- 
mental data are shown to be in good agreement with value8 predicted by 
theory. 

INTROl3JCTION 

The developnt of seaplanes having high aerodynamic performance 
accompanied by high stalling speed8 and high wing loading8 ha8 reeulted 
in increased impact loads. The designer of the modern seaplane is con- 
fronted with the dual problem of predicting the water load8 and of 
devising means of reducing these loads. 

In order to provide a more rational basis for the prediction of 
impact loada, reference 1 presented an analysis which ahowed that the 
motion and time characteristic6 of an impact may be represented by 
mean8 of generalized variables. The variation of the generalized veri- 
ables is governed solely by the magnitude of the approach parameter K 
which may be considered a criterion of impact similarity. 

One poesible mean8 of reducing the water load8 on seaplanes is the 
u8e of sharper angle8 of dead rise. A programundertaken at the 
Langley impact basin to determine the variation of impact load8 with 
angle of dead rise ha8 therefore been expanded to include tests of a 
eeaplane float having a &O" angle of dead rise. Data were obtained at 
fixed trim with a V-bottcxu prismatic-float forebody of 40° dead-rise 
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angle. The data were obtained at.the Langley impact basin in amooth 
water for a wide range of trim anglee, velocitiee, end flight-path angles. 
The test simulated flight conditions in which the effect8 of the presence 
of the afterbody is -1. The data are compared with the generalized 
theoretical results previously mentioned and the effect of dead-rice 
angle on hydrodynamic loads is analyzed. 

g 

niW 

t 

W 

k 

Y 

;g 

P 

7 

P 

I- 

f(P) 

$(A) 

SYMBOLS 

acceleration due to gravity, 32.2 feet per second2 

impact-load factor, measured normal to water BUTfaCe, g unit8 

time.after contact, second9 

dropping weight, pound8 

velocity of model parallel tc water surface, feet per second 

draft of model normal to water surface, feet 

velocity of model normal. to water surface, feet per second 

angle of dead ri8e, degrees 

flight-path angle relative to water surface, degree8 

mass density of water, 811438 per cubic foot 

trim angle, .degrees 

dead-ri8e function - 

aspect-ratio correction factor 

Subscripts: 

0 at water contact 

max maximum 

Dimensionless VarlableS: 

Approach parame.ter 

l 

Ic = sinT 
ein 7 cod-r +-7,) 

0 
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Load-factor coefficient 

Time coefficient 

APPARATUS . 

'SThe Langley impact ba8Fn and etendard equipment are described in 
reference 2. 

The model tested wa8 the forebody of a priamatic.float having R dead- 
rise angle of 4-O ' desiepated the Langley impact basin model M-3. The 
model wa8 essentially the 8eme a8 that used in the test8 reported in 
references 3 and 4, except for the angle of dead rise. The size end 
ahape of the model are defined by the lines end dimension8 shown in 
figure 1. The offsets ere given in table I. The model mounted on the 
Carriage boom is &own in figure 2. 

The Fnstmrmentation used to measure horizontal displacement and 
velocity and vertical displacement and velocity wa8 described in 
reference 2. Accelerations in the vertical directian-were measured by 
a standard XACA accelercaneter having a natural frequency of 16.5 cycles 

. per second with approximately 0.67 critical demping and a range 
of -19 to 68. The contact and exit of the model were detexmined by 
mean8 of en electrical circuit completed by the water. 

PRBxsION 

'l?he ins-k'UXBntitiOn u.8ed in the ti8t8 give8 meaSUrement8 that 
are believed accurate within the following Umits: 
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Horizontal velocity, feet per 8econd ................ a.5 
Vertical velocity, feet per eecond ................ #.2 
Weight, pounds .............. . ........... $2.0 
Acceleration, g .................. : ... : ... H-35 
Time,second8 ...... . 
Verticaldi8placement,inche8 ...................................... 

j9.c)05 
s-1 

TEST PROCEIWRE 

The te8t program wa8 carried out in the hngley impact basin at 
fixed trims of 3O, 6O, go, end X0 with the float loaded to a weight 
of-l213 pounds. A series of impacts in smooth water was made for each of 
the four trim anglee. The flight-path angle we.8 varied over a range from 
ap$roximately 2O to 22O to cover the practical renge of flight-path angle8 
for'conventional seaplane8 in lending. The range of flight-path angles 
wa8 thoroughly covered for the series of teets at 3' end 12' trim wherea 
the range of flight-path angles covered at 6O and go trim was s-what 
limited. At frequent intervals during the tests, consi8tency runs were 
made with the test conditions a8 nearly identical as possible. The pur- 
pose of these runs wa8 to obtain a check on the consistency of the behavior 
of the instrumentation and eq$.~t throughout the investigatim. The 
data obtained from the 'ConSi8tency run8 showed that no siepificant changes 
occurred in the operation and behavior characteristic8 of the equipment 
end instrmentation during the investigation. The data obtained.on 
these 12 consietency runs were averaged aiid only the average value8 are 
presented. 

The carriage wa8 brought up.to testing speed by mean8 of a catapult.- 
At testing speed the drop link@ge wa8 released to permit the model to 
acquire vertical velocity under free fall. Once the model had acquired 
the proper vertical velocity, a force wa8 produced by a CampreS8ed-air 
lift engine which counterbalanced the dropping weight of 1213 .pounds. 
In this manner impacts were made under conditions simulating landing8 in 
which the wing lift is equal to the weight ofithe seaplane. SubElequent 
to'the impact the cerrlage run wa8 terminated by en arresting gear. 
This testing procedure is described further in reference 2. 

. 
Time hlatories of horizontal displacement end velocitg and of' vertical 

dieplacement, velocilly, and acceleration were recorded for each run. 
Only the vertical ccnnponent of the impact load is presented as the hori- 
zcmtalccmponent wa8 very small for the trims investigated- 

. 
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RLESULTS AND DISCUSSION 

Correlation of Experimental Data with Theoretical Solutions 

load8 
A theoretical investigation,of the motion and hydrodynamic impact 

experienced by V-bottom seaplanes during step-lanting impacts is 
presented in reference 1. The entire fmmereim proce88, including the 
condition8 at the Fnstants of maxImum acceleration, maximum draft, and 
rebound, was analyzed from water contact until rebound. This aIX%~SiS 
showed that the motion end time characteristic8 of an impact may be 
represented by mean8 of generalized variables designated the load-factor 
coefficient, the draft coefficient, the time coefficient, and the vertical- 
velocity ratio. The VeriatiOn of these variables during an tipact wa8 
shown to be governed solely by the magnitude of the approach parameter K 
which depend8 only on the trim and the flight-path angle at the instant 
of Initial contact with the water and which may be considered a criterion 
Of impaCt 8imilarity. A single veriation with K consequently exists 
for each of the generalized variables representing the state of motion 
and the time correspond3ng to any given stage of the impact. 

The basic data obtained In the present tivestigation are shown in 
table I- The experImental data correeponding to the Instants of maximum 
acceleration, max9mm.x draft, and rebound are cnmpered In figure8 3 to 6 
with the theoretical variation8 of the generalized variable8 with the 
approach parame ter, as presented In reference 1. The solid-line curves 
show the theoretical relationships and the SyI?ibOl~3 repr88ent the experi- 
mental data. Reduction of the experimental data to the form of gener- 
alized variable8 wa8 accomplished by use of the dead-rise 

functioQ f(B) = $ -1 and the aspect-ratio factor Q'(A) = 1 - 2tiaTP- 
These relation8 were pr88ented in reference 5 end correspond to the 
theoretical and experimental relations obtained by reference 6 and 
reference 7, respectively. 

The variation of load-factor coefficient 

(1) 

with approach parameter K is shown in figure 3. The upper curve shows 
the mex3m1~~ load-factor coefficient, whereas the lower curve show8 the 
load-factor coefficient at the inetant of maximum draft. The experimental 
value8 agree well with the theoretical variation of maximum load-factor 
coefficient with approach paremeter. At the t&w ofmaximumdraft, 
however, the experimental PalLIeS show greater scatter as a result of the 
inaccuracie8 in measuring the time of maximum draft and the acceleration 
at that time. 
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At high value8 of K the trend of the experimental variation at 
maximum draft is below the theoretical curve end indicate8 samewhat 
lower acceleration3. These low value8 ofacceleration are believed to 
result frcm the time lag in the displacement measurements which result8 
In recorded value8 of the time of maximum draft that ere slightly greater 
than the actual time of maximum draft- Since the time of maximum draft 
occurs.after the tims of maximum acceleration, the greater the time lag 
of maximum dreft, the smaller the acceleration at the Indicated time of 
mmmnml draft. At 10w values of tc (high fligh@path angles) the trend 
of the experimental data at me&mum draft is somewhat above the theoretical 
OUrV8. This result la explained by the presence of buoyant forC88, which 
were neglected in the theoretical eolutions. These buoyant forces become 
of-significance only at high flight-path angles beyond the range for 
conventional seaplanes. 

The variatian of draft coefficient 

with approach parameter K is presented in figure 4. The upper curve 
shows the maximum draft coefficient end the lower curve shows the draft 
coefficient at time of maximum acceleration. The experimental data am 
in good agreement with the theoretical curve8. 

The variation of time coefficient 

with the approach peremeter K is shown In figure 5. The upper curve 
show8 values for the time coefficient at the instant that the model 
leaves the water on the rebound- The middle curve 8hows the time coeffi- 
cient at the in8tent of maximum draft. The lower curve shows the time 
coefficient at the instant--of mex%.uum acceleration. The test points 
show good agreement with the theoretical CurVeSj the buoyant force8 
again account for tihe.lower value8 of the experimental data at low values 
of K (high flight-path an@l188). 

c 

In figure 6, the ratio ofvertical velocity to initial vertical 
velocity $19 is plotted against the approach paremeter K. The 
upper curve &ows this ratio at the instant of maxLm,q acceleration and 
the lower curve 8hOw8 the ratio at the ins-tent of rebound. The erperi- 
mental data show general agreement.tith the theorgt+Lal curve8 despite 
the low meaeured values of velocity which result in-greater scatter of 
the point8 because of measurement error- 
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The discrepancy-between the theoretical and experimental value8 of 
the vertical-velocity ratio at the instant of rebound is attributed to 
friction and leekage in the compressed-air lift mecheniBql which balanced 
the weight. The leakage takes effect after the meximwn draft ha8 been 
reached and ha8 a maximum effect on the motion at the instant of rebound. 
In addition, greater scatter is present at this instant because of the 
variation in the time lag of the instrrmentation which ~88 used to measure 
vertical velocity. 

In 8cme ca8es the model wa8 immersed beyond the limit8 of the pris- 
matic shape (72 inches long by 17.25 inch88 high - see fig. 1). The . 
general agreement of the data with the theory, however, indicates that 
the effect8 of bow end chine immersion were of no great significance. 

Effect of Dead-Rise Angle an Hydrodynemic Load 

From the form of the load-factor coefficient it-can be 8een that, if 
all other parameters are held cons-bent, the hydrodynemic load is proportional 
to t4.m W=titY lf.(p,72'3 where f(P) = G-1. If the conventional dead: 
rise angle of % is used a8 a baee, this relationship indicates a 
reduction in load of 24 percent for en angle of dead rise of 30' end a 
reduction of 44 percent for en angle of dead rise of 40' 

The validity of the theoretical variation of hydrodynamic load with 
dead rise w88 verified for angle8 of dead rise of 22 end 30° by experi- 
mental data obtained in the Langley impact ba8in (references 1, 3, and 4). 
In the present paper, the range of dead-rise angle is extended to 40°. 
The data previously preeented in figure 3 are further enalyzed to 
determine an experimental value of the dead-rise function .b(p)]2/3. 

Solving equation (1) for [f(Pd2/3 gives 

rf(B,12~3 = 2&p sg..fl;08~T]}~~~ 

From the theoretical IWlation8hip between C2 and K of reference 1, 
a theoretical value of C2 is obtained co%&ponding to the approach 
parameter Ic computed forzh ruzl (table II). Substituting this value 
of c2 and the data of table II into equation (4) gives 821 exp&mental 
value of Cf <e,12’3 for each run. 
mental values of [f(P)]2h 

The distribution or resulting experi- 
is shown in figure 7, where the distributions 

are grouped a8 percentage8 of the total nuuiber of values used. I'hi.8 
figure 8hOwS that the distribution about the average value is approximately 
norms1 a3la indicates that the deviation from the normal is largely randam. 

. 
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Figure 8 shows the veriatim of the dead-rise fmcticm with the 
angle of dead rice. Since the dead-rise fmctian is plotted a8 [f<p)12/3 
this curve al.80 shows the veriaticm of hydrodynemic load with angle of - 
dead rise. The solid-line curve shows the theoretical variation given 

by [f'(P,]2'3 - (g - l)2'3. The symbols represent experimantal values 
of the dead-rise variation detezmined by averaging each group of data 
obtained with floats of 40°, go, and 22$O angles of dead rise, 
respectively. The value shown for a dead-rise angle of 40' is the average 
corresponding to the distribution shown ifi figure 7. The average value8 
forangles of dead rise of 30' and 2$ were obtained in a similar manner 
and were pre8ented in reference 4. Figure 8 8hOwZJ that the hydrodynamic 
load decreases appgeciably (44 percent) as the angle of dead rise 18 
increased from 222 to tie. The variation of-the average values of the 
experimental data agree8 well with the tiheoP8tical variation. 

CONCLOSIOI'TS 

An anal.y818 of eqerimental data ob&ained by etijecting a pri8matic 
float having an angle of dead rise of 40 to impacts in 8~~0th water 
result8 in the following conclusicms: 

1. Experimental value8 of the load-factor coefficient, &aft coeffi- 
cient, time coefficient, and vertical-velocity ratio correspcmding to the 
in8tants of maximum acceleration, maximum draft, end rebound are in good 
agreement with values predicted by hydrodynemic impact theory- 

2. If all other pammeter e28 held constant, the hydrodymmic load 
for a seaplane having an a@e of dead rise of 400 18 44 p8rO8nt 1888 than 
the hydrodyneDlic load for the seaplane with a couventioual dead-rise angle 

lo of 22z l 

Le@.ey Aeronautical Laboratory 
National Advisory C~ttee for Aeronautic8 

Langley Field, Va-, Septeniber 28, 1948 
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TABLE1 . - ol!Ysm OF L4NGI;Ey IMFWT-BASIN 
. 

FU3AT MODEL M-3 (SEE FIG. 1) 

Station 

Half breadth Height above datum line 

Chine Deck Keel I Chine Deck. 

0 
2 

; 
14 
21 
29 

2; 
58 

ig.25 
106.625 
120.75 

0 
2.15 
4.25 
7.80 

10.31 
12 -81 
15.09 
16.86 
3.8.04 
18.87 

$?E 
19:40 
lg.40 

0*33 27.06 
1.45 21.34 
3.05 17.12 
4.58 12.85 
5.93 9.05 
7-23 5-Q 
8.15 3 .Ol 
8.7'1 1*13 
8.94 l 27 
g .oo 0 
9.00 0 
g .oo 3 
g .oo 0 
9.00 0 

27.06 
26.08 
25.97 
27.06 
24.90 
21.90 
lg.08 
16-55 
15.53 
15m56 

;z-z:: 
16:oo 
16.00 

I 37.60 I 38*17 
38.81 
39.51 
40 .og 
40.52 

40:59 %z 

40.59 
40.59 
40.59 
40.59 
40.59 
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3lm Atccmtaot 

19.24 23.31 21.6: 
2 7.75 23.26 18.4: 
3 9.39-29.82 17.4s 
4 8.82 29.0-f 16.88 
57.61 28.74 14.83 
67.82 Pg.94 14.64 
7 9.39 4o.P 13.l.l 
8 8.75 39.53 B.48 
9 7.89 40.3 n..q 

10 4.05 23.15 9.92 
u 9.46 56.9 9.51 
12 5.83 40.32 8.23 
13 8.n 56.50 8.17 
14 7.47 54.35 7.83 
15 9.39 69.93 7.65 
16 3.13 23.36 7.63 
17 4.05 30.30 7.6l 
18 8.03 63.49.6.69 
19 5.97 56c-z~ 6.03 
20 2.84 27.32 5.93 
21 3.13 30.30 5.50 
= 4.05 39-3-f 5-87 
23 3.58 40.16 5.66 
24 3.84 39.21 5.59 
25 7.82 91.50 5.U. 
26 5.69 68.49 k.75 
27 2.84 39.06 4.1.6 
g ;.7J g.g ;.9J 

3Ci 4:27 69:03 3:5g 
3.3.20 56.18 3.26 
32 3.56 66.03 3.00 
3.J y&J g.g ;.g 

. . 
35 3.63 so.09 2131 

a) 9.02 8 . 
36 2.77 "S.&L ;.'7: 

. 

37 8.89 34.U 14.60 
38 8.75 34.60 14.19 
39 8.89 35.2114.17 
40 9.03 43.47 11.74 
41 8.89 43.29 11.61. 
42 8.75 44.25 lJ..l9 
43 8.89 46.73 1.0.n 
44 8.89 g.14 8.69 
45 8.96 58.47 8.46 
468.96 60.5 8.36 
47 9.03 66.22 7.77 
48 8.75 65.36 7.63 
49 8.67 85.47 5.79 
50 8.53 86.21 5.65 
5l 2.99 43.48 3.93 
P 2.99 43.67 3.92 
53 2.77 43.10. 3.68 

0.129 
.1* 
.163 
.170 

trii 

:Z? 
.2% 
-39 
.359 
.%I 

:g67 
-387 
:E; 
.4* 

:g: 

:pg 

:g 
.i%6 

:a; 
.826 
.830 
.915 
a95 

l.ll4 
l.l.40 
l.293M 
1.708 

*PO 

0.388 
AQO 
.401 
.489 
-495 
-515 

22; 

$5 
.76g 

1.014 
1.040 

::“, 
1.605 

. 082 1.a 

.l!J3 1.11 
.088 1.76 
.on 1.70 
.loo 1.26 
.093 1.30 
.o* 1.99 
.w 1.82 
,094 1.48 

.log 1.70 

.o* 1.52 

1% 2.37 -25 
.l& .45 
.ogj, 1.76 
.117 1.05 
,272 .27 
.2~3 .27 

::2 m 
.17Q :g 
,084 2.03 
.I20 1.14 
.248 .30 
,163 .g 
.Lu 1.26 

).!a?3 7.9 
.74 5.97 

:8? 2% .n 6.47 .63 6.19 

-58 3.56 
-55 2.70 
.# 1.85 

0.285 
Rcme 
-315 
.337 

None 
-dc- 
-do- 
-&- 
ido- 
-do- 
-dO- 
-do- 
-&- 
-do- 
-&- 
-do- 
-do- 
-do- 
-do- 
-dO- 
-do- 
-do- 
-do- 
-&- 
-dO- 
-do- 
-&- 
-do- 
-&- 
-dO- 
-do- 
-do- 
-a&o- 

g: 

-do- 

-do- 
-do- 
-&- 
-do- 
-&- 
-do- 
-do- 
-do- 
-&- 
-do- 
-&- 
-dO- 
-do- 
-do- 
-m-w 
none 
-do- 

“1% 
.033 
.035 -03 a@ .m 
22 
.142 
.w 
::Zf .040 
.OP 
.lo4 .084 
.036 
-052 .l.lo 
;s 
~96 
.031 
,053 
AL6 
-073 
.09 
.074 
.OP 
-087 
-107 
.069 

:g 
.037 

0.072 
.063 
.068 
.0@7 

2.i 
.069 

:Z.: 
.067 
.075 
Jm 
.071 
.076 -m-m 
a6 
.333 

j.377 1.45 
4% 1.35 
.344 1.46 
-3% 1.45 

1% 1"$ . 

2-g y$ 
,263 1:Ok 
.2p 1.06 

.228 .73 

.278 .69 

.350 .ffi 

.284 .63 

.3l4 .6l 

,.p ------- ---_-__ 
.25 -----_ ----_ 
.P No edt. No erlt 
-25 -do-- &. 
-15 --&p-- Do. 
:g pcJ--- lb. 

do--- Do. 
.25 --do--- Do. 
.p --do--- Do. 
.20 --do--- Do. 
.p 1.067 -0.3 
.25 No srlt No exit 
.36 --do--- Do. 
.28 --do--- Do. 
48 .871 -.85 
.08 No erlt No exlt 
.lg --do--- Do. 
.* --do--- Do. 
.35' --do--- Do. 
.08 --do--- Do. 
-15 --do--- Do. 
.28 --do--- Do. 
-15 --do--- Do. 
.lO --do--- m. 

$2 Iio%t Nit% 
.08 --do--- Do. 
.15 --do--- Do. 
.po --do--- Do. 
.31 --do--- Do. 
.20 --do--- Do. 
.4cl --do--- Do. 
-15 --do--- Do. 
-45 .710 -0.57 
.35 No erit No exlt 
.15 --do--- Do. 
.72 .7% -1.70 

-e-e 
No exl 

=J 
$2 . 
-1.71 
-1.71 
-1.99 
-2.56 
-2.42' 
-2.35 
-2.70 
-2.77 
:;.g . 
----- 
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TABLN IT - Concluded 

WIT!N k-0' ARXB OF DEAD FUBN - Ccmcluded 

69 3.l2 
70 2.g 
71 2.92 60.34 2.78 

0.571 
.7B 
-718 
-719 

:8% 
-975 

1.032 
1.101 
1.116 
1.301 
1.347 
1.513 
l-537 
2.030 
2.185 
3.005 
3a7 

23i15 22.23 
23.04 19.06 
29.67 17.81 
30.03 16.86 
30.12 15-q 
39.84 13.36 
39.84 i3.06 
39.53 l-la 
40.98 10.99 
22.83 lo.06 
52.2 e9.i; 
?0:6y ai.6 
~0.40 8.Z 

63.03 4.48 

Pg.;; . ;.3g . 

0.49 
-545 

:zzi 

a:: 

$2 
1.004 
X.103 
1.173 

:.;7 -3 
1.382 
1.439. 
1.489 

:'% 
11876 
1m5 
1.938 
1.9P 
l-952 
1.969 
2.073 
2.38c 
2.364 
2.404 
2.473 
2.552 
2.713 
;:z$ 
4.253 

t-z 
4:810 

0.13Q 1.6: 

.lyJ 1.47 
a5 2.17 
a.5 2.l.6 
.140 1.65 
.139 1.73 
.247 .45 
.m 2.64 
d26 2.17 
.157 1.14 
.235 .& 
.105 3.24 
.105 2.97 
LU.8 2.33 
&xi. 2.32 

.m4 3.83 

.lW 1.38 

.104 3.57 

.ll52.97 

.107 2.92 

.155 1.56 

.e@ -50 

.144 1.2 

.2l2 .66 

.146 1.13 
a80 .92 

T -: 

..14 6.26 
.95 5.83 

:% E 
.g2 5162 
.s 6.04 

:z z-7; 
.p4 4:4a 
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Figure 2.- Langhy impact-basin float mdelhf-3. cl 
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